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ABSTRACT

By the end of this decade, Hughes' SPACEWAY™ network will provide the first
interactive "bandwidth on demand" communication services for a variety of
applications. High quality digital voice, interactive video, global access to multimedia
databases, and transborder workgroup computing will make SPACEWAY™ an
essential component of the computer-based workplace of the 215t century. With
relatively few satellites to construct, insure, and launch -- plus extensive use of cost-
effective, tightly focused spot beams on the world's most populated areas -- the high
capacity SPACEWAY™ system can pass its significant cost savings onto its customers.
The SPACEWAY™ network is different from other proposed global networks in that its
geostationary orbit location makes it a truly market driven system: each satellite will
make available extensive telecom services to hundreds of millions of people within the
continuous view of that satellite, providing immediate capacity within a specific region
of the worlid.

in ion

This paper presents a summary description of SPACEWAY™, a global network of
Ka band satellites being developed by Hughes Communications, Inc., to provide
worldwide telecommunication services. The SPACEWAY™ network will utilize
state-of-the-art technology to introduce a broad range of innovative and affordable
satellite services on a global basis to consumer and commercial end-users. The
outline of principal topics addressed in this paper is as follows:
i. System concept '
2. Space segment characteristics -

3. Ground segment characteristics -
4. link nerformance obiectives and power bud

ce obiectives wer budg

1. System Concept

The SPACEWAY™ system is a network of regional systems that will utilize

satellites in the geostationary satellite orbit (GSO) to provide cost-effective, two-way

voice, medium- and high-speed data, image, video and video telephony -
communications service to both business and individual users. Direct access to the

satellites will be available on demand throughout the world via inexpensive ultra small

aperture terminals (USATs). SPACEWAY™ is a high capacity, high quality, yet very

versatile system. Figure 1 provides a summary of the performance available with each

satellite. A two satellite regional configuration would therefore enable over 230,000

simuitaneous teiephone caiis at 16 Kbps. The aii digitai 16 Kbps circuits utiiized for .
telephony will ensure consistent high quality voice channels. ;-

1Application filed by Hughes Communications Galaxy, Inc. with the Federal
Communications Commission on 26 July 1994.
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The high capacity of each SPACEWAY™ satellite is focused through the spot
£ dlo s rarn il Hharale: aroodine o aicmifias ot s
beams on the populated areas of the world thereby creating a alg iiricant cost
a ab_ ] ae I 4 -

advantage in the delivery of its telecom services. The fiexibility of applications
available through SPACEWAY™ is achieved through its broad range of data rates and
is illustrated in Figure 1A. '
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The SPACEWAY™ network is different from other proposed global networks in
i ostationarv orbit location makes it a truly market driven system: each satellite
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continuous view of that satellite, providing immediate capacity within

region of the worid. SPACEWAY™ will be implemented in a phased, regional
approach beginning in 1998, expanding into a network of four interconnected regional

svstems (i) North America, (ii) Asia Pacific (iii) Central/South America, and (iv)
Europe/Africa. The SPACEWAY™ network will provide in each of these
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megabiis per second, whiie aiso providing woridwide connectivity.

in developing countries, SPACEWAY™ wiil offer essentiai domestic and
international telephone and facsimile services that will be seamiessly integrated into
the public switched telephone network ("PSTN"). SPACEWAY™ will offer high

bandwidth services for a variety of consumer and business applications, both for
countries with e ylehnn telecom infrastructures and those with emeraina needs for
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Figure 2 depicts the phased regional implementation of the SPACEWAY™
network. The first sateliites in the SPACEWAY™ network wili be operational in 1998.

Each regional system will include two satellites. Our system plan accommodates the
growth for up to four satellites per region. For these reasons, Hughes believes that

the SPACEWAY™ network will become an essential element in the establishment of
the Global Information Infrastructure (Gll) by the tum of the century.
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This innovative all-digital network will utilize state-of-the-art advances in satellite
technology to provide full duplex interactive communications throughout the worid.
Its features include on-board signal processing, on-board switching, small, easily
installed ground terminals, and digital transmissions at a variety of data rates.

A key component of the system architecture is the Ka-band spot beam network.
This technology will allow the use of extremely small end user terminals
(approximately 66 cm) and provide a high degree of spectrum efficiency. Each spot
beam nominally will use 125 MHz of bandwidth. Narrow spot beams (about 1°) with a
footprint approximately 650 km. in diameter will cover most of the populated world land
mass. The satellite design will permit reuse of frequencies up to twelve times. Thus,
the 500 MHz of spectrum utilized by each satellite will result in an effective 6 GHz of
useful bandwidth per satellite.

The system allows symmetric and asymmetric data communications at
transmission rates from 16 Kbps to 384 kbps, depending upon user requirements with
the standard 66 cm terminal. Multi megabit per second applications can be
accommodated with the SPACEWAY™ optional broadband terminal.

Each satellite will utilize a state-of-the-art on board switch/processor to provide
individual end users with immediate access to the space segment, and to route
transmissions within and between appropriate destination spot beams. This "on
demand" satellite service will be competitively priced with many basic terrestrial
telephone services especially in remote and underserved areas, where basic
telephone services are neither economically feasible nor available. In addition, the
use of off-the-shelf digital video compression equipment or optional codecs built into
the earth terminals will allow end users to utilize a high quality, two-way interactive
video telephony service. Availability of such teleconferencing facilities at low cost
should help underserved countries improve the delivery of vital services such as
health care and education.

SPACEWAY™ will offer a dramatic advancement in the functionality and
affordability of business networks relative to today's VSAT capability. For businesses,
the SPACEWAY™ USAT both advances the state-of-the-art in VSAT networking, and
brings satellite technology to the economic threshold of a greater universe of
customers. SPACEWAY™ USATSs offer complete mesh connectivity without the need
for expensive hubs: in essence a “hubless” network. Thus, through low cost USATS,
smaller businesses -- for whom today's VSATSs are unaffordable - can take advantage
of satellite networking without requiring a large number of sites to amortize hub costs.
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SPACEWAY™ will accommodate most conventional VSAT applications,
including retail point-of-sale transaction processing, on-line reservations and

inventory/pricing information updates. In addition, SPACEWAY™ will offer a variety of
wideband services including video telephony and conferencing {a!!cwmg multip%e
meeting sites and interconnection with terr“‘tr‘iai videoconferencing equipment and
services), teilecommuting (home computer to office LAN connection), medical and

technical tele-imaging, and CAD/CAM data and image transmission.

With its smali size and low cost, the SPACEWAY™ USAT wili make the benefits

of satellite communications readily accessible to consumers. It is anticipated that
consumers will use SPACEWAY™ for basic telephony and data communications,
personal vudotelephonv and high speed personal computer access to on-line service

erve and Prnrhml), as well as two-wav inte

v as as two-way int

H imedia élllcllllalicll an
or the "information superhighway” of tomorrow. The affordability of the SPACEWAY™

termmal will permit advanced telecommunications and media industries to reach an

even wider audience.

Somm A smemmsas A e pem o

The SPACEWAY™ network represents a giant stride forward for the transmission
of data. The incorporation of on-board satellite switching/processing, multi-spot beam
coverage, and advanced ground terminal semiconductor technology, will allow small,

mexpenswe end user terminals, immediate and on-demand access to space segment
and very fast data transmission. For many applications, such as sending medical

images (x-rays) to and from remote clinics, short transmission time is critical. The
SPACEWAY™ network can dramatically reduce the retransmission time of important
data by providing transmission at rates more than 150 times faster than conventional

telephone lines. The following chart displays this relationship between time,
information content and handwidth

TI TR/ IS ILARIW ST WS SO Th WAl SN wu'lu TINWALS Bo

IMAGE INFORMATION ORDINARY |SPACEWAY™ SPACEWAY™ “
CONTENT PHONE LINE | 384 Kbps 15 (_,ln,_n_%cps ﬂ

Digitized 1.0 megabit 1.7 min. 7 2.6 sec 0.7 sec JH
Photo |
CAD/CAM | 2.0 megabits 3.4 min. 5.2 sec 1.4 sec |
CT Scan 5.2 megabits 8.0 min. 13.5 sec 3.4 sec H
X-Ra 12.0 megabits 21.0 min. 31.3 sec_ 7.8 sec |
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in sum, the on-demand high-speed data transmission capability of the
SPACEWAY™ network will facilitate an array of applications. In addition to those
described above, many others couid be made availabie through t

hird-party service
providers. -

YASANSTAM o oo = S o d o o

The SPACEWAY™ network will provide interconnected, bandwidth on demand
services to virtually every populated area of the world. In this regard, the service area
of the SPACEWAY™ network is similar to that of many of the low earth orbit ("LEO")
satellite systems that have been orooosed The SPACEWAYrM network is different

from these LEQ svstems in two si
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band at other orbitai iocations. it is a geostationary satellite system that operate
a total of six orbital locations and complies with the United States Federal

Communications Commission's 2° spacing policies. Thus, it is anticipated that it will
be compatible with any other Ka band FSS system that may operate at any other

= e 252

geostationary orbital location that is at least 2° away. Assuming uniform 2° spacing
around the worid, making 180 orbitai siots avaiiabie, the 2.5 GHz that has been

proposed for SPACEWAY™ couid be reused to effectively provide 435 GHz of Ka
band spectrum for other satellite services. No LEO system that has been proposed to

date has offered this type of an opportunity for frequency reuse. In sum, unlike LEO
satellite systems that have been proposed at Ka band, the SPACEWAY™ network

TS -~ - e A WA Ty W T A A TWwevy LAY
i sidare ot all A ot Af bl O E MNLlc dlaad i
supports the entry of multiple service providers at all or part of the 2.5 GHz that is
PRy iy Ny PR O V U T |
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The deployment of the multibeam satellites at geostationary orbit will be
H i H A - - abomdad fon oo b g NN
accomplished on a phased regicnal implementation and is illustrated in Figure 2. The

PR Al e o _a

proposed assignment of frequencies and poiarizations to sateiiite beams, the
geographic coverage provided by these beams, and a description of the other satellite
parameters are given below.

2.1 Frequency and Polarization Assignments
The SPACEWAY™ gilobal network wili utilize the 17.7 to 20.2 GHz portion of the

Ka band for space-to-Earth (downhnk) transmissions, and the 27.5 through 30.0 GHz
portion of the Ka band for Earth-to-space (uplink) transmissions. This spectrum has
been allocated on a worldwide basis for the Fixed-Satellite Service ("FSS").

:hs
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W.L. and will employ precisely the same spectrum as North American satellites 1
and 2. North American coverage is provided by two satellites at each of 101° W.L. and

99° W.L. By placing two satellites at each of these locations, and using the same

99°

1000

t 125

~
a3 A

otal of fortv-eigh

1 b

spectrum assigned to it about 12 times.

-

P

\ of the four North Ameri

P4

Figure 4. This will allow any subscriber within any of these regions to use a singie

each region, satellites 1 and 2 are identical in frequency plan to their counterparts in

earth terminal to access capacity on any of the four satellites at that orbital position. In

59

Hz band segmentis so that they may be co-iocated

jifferent 500

are assigned two differen
with satellites 1 and 2.



The proposed system will provide spot beam coverage of all inhabited land areas
of the worid. An eight sateliite consteiiation provides service to 80% of the worlid's

population. Figure 5 depicts the four regions of coverage by the SPACEWAY™
system. The two satellites per region provide high EIRP and G/T coverage to allow the
use of small inexpensive earth terminals.
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.3 Satellite Characteristics
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Tabie 1: Major Spacecraft Characteristics
General
Spacecraft bus
Stabilization
Transfer orbit
On-station
Mission life

[ an | NPy R P
=Clipse capabiiity
Station keeping
North-South (orbital inciination)

tast-West (iongitudinai)

Antenna pointing

Normal (Precision two-axis RF beacon tracking)
Backup (Earth sensor)
Raam ratatinn antanna avie atbitiiria)
WO IVIaRLWIVIS \ﬁl NG QAo nuuuuv,
Communications

Number of communications beams
(Satellites 1 and 2 over each region)3

Communications beam bandwidth

Transmitter redundancy

Communications channel receive flux
density per Hz (narrow beams, edge of coverage)

Communications channel receive flux
density per Hz (wide beams, edge of coverage)

o« o _sa_as
I1Qmusrinnia laval halau 1inmadidatad nauae)
\WMUIIVUO ITVTI UTIVYIY Ulillivuulaicu puwel)

Frequency offset by 50% - 100% of BW
Frequency offset by 100% - 250% of BW
hv s 2980°% of RW

Frequency offset by > 250% of BW

>

HS-601

Spin stabilization
3 axis. momentum bias

15 years

QAR o

11UV percem

125 MHz
64 for 48
-182.6 dBW/(m2Hz)

-194.1 dBW/(m2Hz)

A A
& &
Q a o
g oW

|
¢

2
2 Sateliites 3 and 4 in each region wili have additionai narrow spot beams and as many as five wide spot beams.

Howavar onlv 48 heams in total either narrow or wide will be addrassahle at anv time
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Weight, Lb.

~

P4
7

Category

\™

Table 2 Launch Weight Budget

~

-

10 year orbit sustenance propellant

Beqinnina of life (subtotal)

(©)]
uwn
-—

wm

7827

w—

Edge of Cov.

1
2
™

-

0.50

g
S
<
wn

Narrow Spot Beam

Peak

46.

0.50

dB K)

(

Total separated weight
Table 4 Satellite Downlink EIRP Budget

Antenna gain (db)

System noise temperature

Repeater output losses (dB)

cations

~
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The SPACEWAY™ ground terminal will cover the range of communi




bursts of up to 384 KBP PS and received at TDM packet rates of up to 92 MBPS. The
system with optional uplink terminals enables efficient transmission of both on-

demand circuit-switched services such as ISDN, T1, and fractional T1, and packet-
switched services such as frame mlav and X 25

W TP LW Swr e Wt Viw e W aewE s Tk F Nehwre

The SPACEWAY™ system will incorporate two types of ground communications

equipment: (i) end user USAT terminals and (ii) terrestrial network interfaces or
gateways. The terminals will accommodate bi-directional transmissions from 16 Kbps
up to 1.5 Mbps (T1) rates, using antennas ranging from 66 centimeters to 2 meters in
diameter. However, virtually aii mass market subscribers wii utiiize the 66 cm USATSs

which will be mass produced and easily installed.

tASANISTAS PRy Sy PRy U P

Larger SPACEWAY™ ground terminals, or gateways, can support muitipie
carriers for much higher transmission throughout. Gateways are intended to provide
interconnection between the global satellite system and the terrestrial public switched
telephone network (PSTN), and will be strategically located to interface with

inter-exchange and local exchange common carriers in the U.S. and
balammmmnsmni isnimmbimmoa mmarmdava ion 11ammastia mastsnbdoian Slhhvarimivas b Shha araslal
wSIcvuIinnivinvauvlio vpsiawvi i valivuo LUUlIltiIios uiivuygiivul uic [§19]

Through on-board satellite switching and gateway earth stations that provide
terrestrial interconnection, the system architecture will allow end users the agreates
AW E WL IWASR IS [ s WRIWI iy W v’olvlll WAIWI IIAWWIMTI W TTII GANIW YT Wil Wwwiw W fw slvusvus
wmemamemibolon £lacsileiltisn, tvn mamlilime ccmmandioame da amale adleas Tl acsadocn sasill Aallacar bnadle
pUbblUle HEXIDHILY Tl TT1IaRiliy curninecuuiis I.U eacltl Uuieln 1TIE JSySlelll will allvw vl

*private” network and “open* network communications. Private networks can be
created where end-user terminals in a pre-defined "community” communicate with
each other directly via a SPACEWAY™ satellite, with or without connection to the
PSTN. Open networks allow system subscribers to connect with any other subscriber

LA N el i SIYYLSt =7 Sl FEILI &A1Y URLIIRl O3l Al

or with any other person or entity served by the PSTN through a SPACEWAY™
gateway

The vast majority of the transmit/receive earth stations used to communicate with
thhn mialhal avscatacs 1iill ha Avmman lay tha and i1eare Af tha aansiana I# 1 antinimatad ¢that
uie leUdl SyolTlil Ve UWIICU VY UIT CliIU UOTIo VI UIT OFI VILS 1t o alnnivipaisu uiat
when fuily depioyed, the network will serve more than five million subscribers around
the world, each of whom will own an earth terminal.

3.2 Avaiiability and Rain Attenuation

ln almact all arane Af tha warild CDANEWAVTM nravidae availahilitiae araatar than

1l QllliVol All AlITAo,VI UIT TWWUIIU Wi MN\WJk.¥TMN\ ] PI VViuewy Avallcaaviiiiive 3!73;71 LICAL
99 % with a standard uitra smali aperture terminai (USAT) that inciudes a compact

66 cm antenna operating at a burst rate of 384 kbps. The SPACEWAY™ system
offers a range of terminal options that achieve availability > 99.5 % anywhere in the

world. SPACEWAY™ incorporates uplink power control to maintain continuous
service throuah moderate rain.
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(& an outage due to equipment faiiure or cabie
damage - which is the normai model for outages in terrestrial networks. NASA data on
Ka-band propagation shows that rain fades are typically a few minutes due to the
passage of a 'rain cell'. (Rain cells, which span about a kilometer, are bursts of heavy

rain in a thunderstorm.) A few minutes of outage, after which service resumes

1)
=TI LSS A2 Tusewr e W -—n— -y wRmIswI TP W VI A A A TR R AL~
unaffected, has very diﬁersnt consequences on an operating enterprise than the
potentiai for hours of outage to carry out repairs normaily associated with outages of
terrestrial systems.
The SPACEWAY™ system availability has been evaluated over a wide range o

geographicai iocations using the Crane< Rain modei. in the United States the
predicted link availability ranges from 99.1 % in Miami to 99.97% in Denver. The
results from analyses for selected cities in the Asia Pacific region are summarized in
Figure 6. The SPACEWAY™ availabilities shown in this figure. inciude both the
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ystem Availability
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4. Link Performance Obiectives and Power Budaets
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4.1 sommunication LINKS
Communication sarvices will be nrovidad at ratag from 18 Khne t5 1 544 Mhro _
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aperture antennas with iransmit powers that range from 0.1W to 2.0 W transmit power,
depending on data rate and the amount of uplink power control used to compensate
for rain attenuation. Up to 240 simultaneous 384 Kbps uplink signals may be

supported in each beam for a data throughput of 92 Mbps per polarization n per beam
nar egfnllifn Wiith twalhva-fald framiianmy raticea tha thtal Adata theatimbvmid ia 4 A Plea
MUl STATHIT. ¥Vl LITTIVETIVIU 1ITYUTIIVY 1TUST, UIT tULdl Uala uitvuyriput s 4.4 Qops
per sateliite.

The svstem nerformance obiective is a hit errar rate ("RER™ nf 10-10 Raraiica o

s At ALl Al l TRV WA WWIT W IV R il WV TR | Wi ) WL T ¢ WwwiAWuwew Vi

An_hanrd Aamadiilatinn and ramadiilatinm ~Af dhha aimes | P S =12 I PRSP |
On-00arG GemoGuialion ana remoGuiauon Or tneé alglldl, pelnoiniance ori Ine upu ana

performance on the downiink are independent. Due to the error controi coding used,

the bit energy levels required of the two links are asymmetric. An Ep/Ng of 8.0 dB on

the uplink and 5.0 dB on the downlink are required to meet the targeted BER. Table 5

isa summary of the SDOt beam communication Derformance parameters for a data rate —
of 384 khns.

Wi WTTT N

Table 5. Summarv of Spot Beam Communication Performance Parameters

Performance requirement 1x10-10 BER
Transponder bandwidth 125 MHz
Moduiation QPSK ~
Uplink data rate 16 to 1,544 Kbps .
Uplink channel bandwidth 500 to 2,000 KHz
Ramiirad inlink £ /Nl A onNn AD
NITYUIHIOU Upiin =y 1N Oo.V UD
Downlink data rate (per beam per polarization) 92 Mbps
Downlink channel bandwidth 125 MHz
Rarmtiir Anumliinle B /N~ E N AD
TIUYUIIUW WU TT TN b LA 8] J.V UD -
Earth station diameter 66cmto2m -
Earth station amplifier power 1.0-20W
Loss to ante input 0.5dB
Earth station receive system
noise temperature 24.4 dBK
Tables 6 and 7 provide sample link analysis calculations for uplink peak and
anma_nf_Arnvarana nathe and AdAaumnmlinly naaly and Aad~aa Af Aanuiavame matha sacemandiisals =
CUYTUITLUVEIayT pauio aiiu UUuwiilllin poan ailu euye-vi-cuveiage patis, respecuvely,
for the spot beams. Each table illustrates both clear sky and rain conditions. These

(‘Jl

calculations assume 384 kbps service.
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Table 6. Uplink Power Budgets

Peak of Coverage

Clear Rain
Transmit power - 9.73 dBW -3.01 dBW
Tramsmit losses -0.50dB - 0.50 dB
Ground transmit gain 44 .45 dB 44 .45 dB
Uplink path spreading - 162.31 dB/MN2 - 162.31 dB/m/2
Uplink effective isotropic are - 50.85 dB/m"2 - 50.85 dB/m"2
Atmosheric loss -0.96 dB -0.96 dB
Uplink rain ioss 0.00 dB -8.77 dB
Sateiiite G/T (peak) 18.88 dB/K 18.88 dB/K
Bit rate 55.87 dB Hz 55.87 dB Hz
Boltzmann's constant - 228.60 dBW/K/Hz - 228.60 dBW/K/Hz
Thermal Eb/No 11.72 dB 9.67 dB
Cross-pol Eb/No 17.45 dB 17.45 dB
Adjacent beam co-pol Eb/I 17.95 dB 17.95 dB
Adjacent system (east) Eb/I 20.85 dB 20.85 dB
Adjacent system (west) Eb/| 20.85 dB 20.85 dB
Total Eb/i 9.29 dB 8.00 dB

Edge of Coverage

Clear Rain
Transmit power - 4.73dBW - 3.01 dBW
Tramsmit losses -0.50 dB -0.50dB
Ground transmit gain (EOC) 44.45 dB 44.45 dB

Uplink path spreading

D Sl

Ubplink eff. isotropic area

- 162.31 dB/MA2
- 50.85 dB/m"2

- 162.31 dB/m"2
- 50.85 dB/m"2

u otropic a 50.8 50.85
Atmosheric loss -0.96dB -0.96dB

I linlionls wvaivn laan N NN AD _ 2 77AD

UPII IN 1alll 1IUoO V.VJv uw R IY N AS | =]
Sateiiite G/T 13.88 dB/K 13.88 dB/K

Bit rate 55.87 dB Hz 55.87 dB Hz
Boltzmann's constant - 228.60 dBW/K/Hz - 228.60 dBW/K/Hz
Thermal Eb/No 12.92 dB 5.66 dB
Cross-pol Eb/No 17.45 dB 17.45 dB
Adjacent beam co-pol Eb/| 17.95 dB 17.95 dB
Adjacent system (east) Eb/I 22.79 dB 22.79 dB
Adianant evetam waet Eh/l 29 7Q AR 29 7QA4AR
r\u’nvwl [ 13 O’Qlﬁlll \"UD!.’ =bdi N Embme i 7/ Al Cnlome i UN\AVI

T ndl L1 4N NN D 2 AN JID

10tal /1 V.U UD <2.UVU UD
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Tahla 7 Downlink Power Budaets
ARG ot SN VVIININIVN D NJVVRIY S NANANY SN

Peak of Coveraae

. Wy vvvv!uav

Clear Rain
Transmit power 13.01 dBW 13.01 dBW
Tramsmit losses -0.50dB -0.50dB
Satellite transmit gain (peak) 46.50 dB 46.50 dB
Downlink path spreading - 162.31 dB/M~2 - 162.31 dB/m"2
Upilink eff. isotropic area - 47.34 dB/m"2 - 47.34 dB/m"2
Atmosheric loss -1.10dB -1.10dB
Downlink rain loss 0.00 dB -7.64 dB
Terminal G/T 18.56 dB/K 16.37 dB/K
Bit rate 79.64 dB Hz 79.64 dB Hz
Boltzmann's constant - 228.60 dBW/K/Hz - 228.60 dBW/K/Hz
Thermal Eb/No 15.78 dB 5.95dB
Cross-pol Eb/No 17.45 dB 17.45 dB
Adjacent beam co-poi Eb/l 17.95 dB 17.85 dB
Adjacent system (east) Eb/i 18.50 dB 18.50 dB
Adjacent system (west) Eb/i 18.50 dB 18.50 dB
Total Eb/I 10.52 dB 5.00 dB
Downiink budget caicuiation SPOT beams
Table E-4 (A)

Edge of Coverage

Clear Rain
Transmit power 13.01 dBW 13.01 dBW
Tramsmit losses - 0.50 dB -0.50dB
Satellite transmit gain (EOC) 41.50 dB 46.50 dB

| Downlink path spreading - 162.31 dB/MA2 - 162.31 dB/m"2
Uplink eff. isotropic area - 47.34 dB/m2 - 47.34 dB/m"2
Atmosheric loss -1.10dB -1.10dB
Downlink rain loss 0.00 dB -264dB
Terminal G/T 18.56 dB/K 16.37 dB/K
Bit raie 79.64 dB Hz 79.64 dB Hz
Boitzmann's constant - 228.60 dBW/K/Hz - 228.60 dBW/K/Hz
Thermal Eb/No 10.78 dB 5.95 dB
Cross-pol Eb/No 17.45 dB 17.45 dB
Adjacent beam co-pol Eb/I 17.95 dB 17.95 dB
Adjacent system (east) Eb/I 18.50 dB 18.50 dB
Adjacent system (west) Eb/ 18.50 dB 18.50 dB
Total Eb/| 8.36 dB 5.00 dB
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